helical peptides similar to type I collagen have thus far focused on forcing the desired chain composition and alignment through covalent linkages between the peptides 7-9 . Gauba and Hartgerink 2 have now revisited the idea of creating peptides with different sequences that, when mixed, form stable collagen-like trimers. Instead of being held together by covalent bonds, the authors' design relies on electrostatic interactions between the chains to assemble and align the peptides into a triple helix.
helical peptides similar to type I collagen have thus far focused on forcing the desired chain composition and alignment through covalent linkages between the peptides [7] [8] [9] . Gauba and Hartgerink 2 have now revisited the idea of creating peptides with different sequences that, when mixed, form stable collagen-like trimers. Instead of being held together by covalent bonds, the authors' design relies on electrostatic interactions between the chains to assemble and align the peptides into a triple helix.
In earlier studies, Gauba and Hartgerink 5 developed an optimal design for assembling and stabilizing heterotrimeric collagen-like peptides by using equal amounts of three different peptides: a neutral peptide consisting of ten repeats of a tripeptide made of proline, hydroxyproline and glycine; a positively charged version in which all of the hydroxyprolines are replaced by the basic amino acid lysine; and a negatively charged variant in which the prolines are replaced by the acidic amino acid aspartic acid. The complementary electrostatic charges on the three peptides lead to the formation of stable trimers with one chain of each type aligned as in native collagen.
In the new study 2 , the authors have extended their strategy by incorporating segments of type I collagen sequence into the middle of the model peptides. These inserted sequences carry the osteogenesis imperfecta glycineto-serine mutation in none, one, two or all of the triple helix's chains (Fig. 1) . The positive, negative and neutral sequences flanking the regions of collagen sequence are still able to drive assembly of the peptides into collagenlike heterotrimers.
The authors' measurements of trimer-tomonomer thermal transitions show that a single mutation substantially reduces the stability of these peptides, whereas subsequent mutations lead to less drastic changes. Their experimental results are in good agreement with computational studies 10 , which calculated the effect of introducing such mutations into a collagen triple helix. When the authors studied the folding of the peptide trimers, they saw the same trend; the first glycine mutation creates the biggest delay in triple-helix folding. Using Gauba and Hartgerink's approach, it should also be possible to vary the sequence around the mutation site within these peptides, as well as the identity of the amino acid replacing glycine, to investigate factors affecting the severity of osteogenesis imperfecta.
Many other disorders also arise from glycine mutations in collagen, although the clinical symptoms depend on the function and location of the type of collagen harbouring the mutation. For example, Alport syndrome results in progressive kidney disease due to mutations in type IV collagen, whereas Ehlers-Danlos syndrome type IV affects blood vessels as a result of mutations
STRUCTURAL BIOLOGY

Modelling collagen diseases
Barbara Brodsky and Jean Baum
Mutations in collagen lead to hereditary disorders such as brittle-bone disease. Peptide models for aberrant collagens are beginning to clarify how these amino-acid replacements lead to clinical problems.
Collagen is the predominant protein in the body defining the mechanical properties of tissues. In many hereditary connective-tissue disorders, collagen's regular repeating sequence of amino acids is disrupted. Short peptide chains have proved to be valuable models in understanding both these pathologies and normal collagens 1 . In the Journal of the American Chemical Society, Gauba and Hartgerink 2 report an intriguing peptide model for osteogenesis imperfecta, a dominant hereditary disorder commonly known as brittle-bone disease. The model allowed them to make disease-related mutations in any or all of the three peptide chains that make up collagen.
Collagen's molecular structure consists of three helical polypeptide chains coiled around each other to form a triple helix. The close packing of these chains creates a precise stagger in their alignment and requires that the smallest amino acid, glycine, occupies every third position in each peptide. The sequence must also have a high content of proline and its modified variant hydroxyproline. Some collagens comprise three identical chains, whereas others contain chains of differing amino-acid composition.
Type I collagen, which is composed of two identical chains and a third with a different amino-acid sequence, is the major protein in bone. Osteogenesis imperfecta is caused by mutations in any of the chains (Fig. 1) , which change one of the glycines to a larger residue, such as serine. This delays folding of the protein and decreases the stability of the collagen molecules 3 . The folding defects can lead to retention of collagen within cells and their eventual death, and the structural alterations may result in defective binding of other components required for bone formation 4 . The size and complexity of entire collagen molecules make it difficult to interpret the structural basis of changes in stability and folding. Fortunately, small triple-helix peptide models offer the opportunity to vary amino-acid sequences, allowing the molecular details of changes in a mutation site and its interactions to be defined.
The Hartgerink group has developed a system 5 involving the assembly of three different peptides to form a mixed trimer that represents the latest advance in collagen model design. Peptide models have long been an integral component of collagen structural studies 6 , beginning in the 1950s with simple polymers of glycine or proline, and progressing through peptides with strictly repeating amino-acid sequences to triple-helical peptides containing sequences from collagen itself. Peptides with glycine as every third residue and a high content of proline and hydroxyproline self-associate to form stable trimers with three identical chains, known as homotrimers. But attempts to use chains with differing sequences did not produce stable mixed molecules, or heterotrimers. Strategies for forming heterotrimeric triple- 
EVOLUTIONARY BIOLOGY
The amphioxus unleashed
Henry Gee
The genome sequence of a species of amphioxus, an iconic organism in the history of evolutionary biology, opens up a fresh vista on the comparative investigation of chordates and vertebrates.
One might be forgiven for never having heard of the amphioxus, a small, vaguely fishshaped creature (Fig. 1) , which spends most of its life buried in sand filtering detritus from seawater. Yet for many decades, beginning in the mid-1800s, it was central to a preoccupation with the origin of the vertebrates, the group of backboned animals that includes ourselves. Although lacking a distinct head, organs of special sense or paired fins, the amphioxus has a dorsal tubular nerve cord, and the stiffening axial rod known as the notochord, that are defining features of chordates -the wider group to which vertebrates belong. For much of the twentieth century, the amphioxus was neglected as a subject of study. But with Putnam and colleagues' publication 1 on page 1064 of the draft genome sequence of Branchiostoma floridae, one of the 25 or so recognized species of amphioxus, this eldritch organism is set to re-enter public life.
The amphioxus was originally described by P. S. Pallas in 1774 as a kind of slug. It took almost another hundred years before Alexander Kowalevsky recognized the chordate affinities of this organism 2 as well as of tunicates (sea squirts) 3 -the other group of invertebrate chordates -and the golden age of the study of vertebrate evolution began.
In those days, the amphioxus was seen as a vertebrate writ small, bearing clues to our own lost ancestry. No issue of the Quarterly Journal of Microscopical Science seemed complete without a study on amphioxus anatomy or development from luminaries such as E. Ray Lankester 4 , so that, by 1932, E. G. Conklin 5 felt it necessary to preface a weighty treatise on amphioxus embryology with an apology to his readers for having to wade through yet another substantial work on this creature. But the question of the origin of vertebrates fell from favour because of its abiding intractability, and because of the arrival of genetics and of model organisms such as fruitflies that are easier to study in the laboratory.
The amphioxus was never abandoned, however. In recent years the flame has been kept alive by researchers such as Nicholas and Linda Holland of the Scripps Institution of Oceanography in San Diego, as well as (the unrelated) Peter W. H. Holland at the University of Oxford and an increasing band of students and colleagues. The age of genomics has rescued the amphioxus from chthonic obscurity, as new data -now including Putnam and colleagues' paper 1 and three companion reports in Genome Research [6] [7] [8] -have reinvigorated the study of the origin of the vertebrates.
The genome of any species, although informative, is hardly more than a matter of record. Two genomes are more interesting, because comparisons can be made between them. But when one has three or more, one can start to frame rather precise hypotheses about the course of genomic evolution, and ask meaningful questions about the origin of morphological novelties. The 520-megabase genome of B. floridae would, therefore, be nothing much more than a curiosity without the comparative context offered by the increasing number of completed or draft animal genomes from humans to sea anemones, and in particular those of the tunicates Ciona intestinalis 9 and Oikopleura dioica 10 . Such studies reveal the amphioxus genome to be, in fact, of preternatural importance. Recent work 11 showing that the amphioxus is the most basal chordate, and not a close relative of vertebrates as had previously been thought, only increases its importance in our understanding of fundamental features of the chordate ancestral condition.
The draft genome underscores the basal position of the amphioxus (Fig. 2, overleaf) , revealing strong patterns of conserved in type III collagen. All such diseases could, in principle, be investigated using the authors' approach.
The techniques used by Gauba and Hartgerink, based on circular dichroism spectroscopy, do not provide high-resolution structural information. But other self-assembling homotrimer triple-helical peptides have proved amenable to molecular-level studies by nuclear magnetic resonance and X-ray crystallography 1, 11 . It will therefore be exciting to see whether these self-assembling heterotrimeric peptides 2 can be used to directly visualize the structural perturbation in a collagen disease and provide a basis for rational design of therapeutic drugs. These more realistic peptide models of collagen could also reveal how mutations affect the formation of higher-order structures and interactions with the other components of bone. 
